Coronary artery atherosclerotic disease (CAD) is the most prevalent disease in industrialized countries [1] . In the United States of America more than 1 million patients every year are admitted to the coronary care unit with suspected acute myocardial infarction [2, 3] .
Introduction
Coronary artery atherosclerotic disease (CAD) is the most prevalent disease in industrialized countries [1] . In the United States of America more than 1 million patients every year are admitted to the coronary care unit with suspected acute myocardial infarction [2, 3] .
Survival of women with acute coronary syndrome is lower than that in men [4, 5] . Women with acute coronary syndromes were treated less intensively than men [6, 7] , and reperfusion therapy is less frequently applied, which may explain the lower survival in women. Women with acute ST-elevation myocardial infarction (STEMI) treated by percutaneous coronary intervention (PPCI) had 2.3 fold higher risk compared to men after adjusting for age, associated diseases and time to Chamber diameters and usual measurements were performed according to recommendations of American Society of Echocardiography. Ejection fraction of LV (LVEF) was measured from biplane apical views.
For the calculation of wall motion score index score of 16 segments 16 LV-WMSI = ∑ (1) assigning a value of 1 for normal LV wall motion, 2 for hypokinesis and 3 for akinesis. Using the same values of wall motion scores, LAD 9 segmental score index was calculated as: score of 9 segments 9
LAD-WMSI = ∑ (2) In order to obtain LAD flows, the color Doppler Nyquist limit was set at 17 cm/sec. From low parasternal short axis view, search for diastolic color flow in the anterior interventricular groove followed by clockwise rotation was performed, while form apical foreshortened two chamber views LAD diastolic flow was located in the interventricular groove and the counter-clockwise rotation of the transducer was performed.
Parameters of LAD velocity patterns were averaged from 3 beats, all in sinus rhythm. Diastolic LAD deceleration Time (DDT) was measured as the time from peak diastolic velocity to the intercept of the tangent of the velocity envelope with baseline.
Statistical analysis
Statistical analysis was conducted using SPSS software version 13 . All values were expressed as means and standard deviations. Chi-square test was used to examine differences in categorical parameters. Student t-test and analysis of covariance (ANCOVA) were used to examine differences in continuous variables, p < 0.05 was considered as statistically significant. Logistic regression models were performed, where TIMI grade and MBG equal to 3 post PPCI, LAD-DDT > 600 msec and LVEF < 50%, were defined as the dependent variable and adjusted to gender, age, body weight, and cardiovascular risk factors.
Results

Patient characteristics
The study population consisted of 184 consecutive patients, 33 (17.9%) of them were women. Characteristics of the patients are described in table 1. Women were significantly older than men, had lower body weight, higher prevalence of hypertension but lower prevalence of cigarette smoking, diabetes mellitus and family history of coronary artery disease ( Table 1 ). The average Killip classification was similar in women and men, however, 9.8% of men were in Killip class III and IV, but none of the women (Table 1) . No significant difference was found in time intervals from the onset of chest pain to hospital arrival and time to PPCI (Table 1) . No significant differences were found in anticoagulant or anti-platelet treatments (Table 1) . treatment [8] . In addition, women had higher risk of bleeding compared to men [4] [5] [6] [7] [8] [9] . Therefore, the present study was performed to test the hypothesis, that women with anterior STEMI develop suboptimal coronary and myocardial flow after PPCI, and subsequently have lower left ventricular systolic function.
Materials and Methods
Study participants
One hundred eight four consecutive patients, 33 women, with acute anterior STEMI and treated by PPCI were evaluated. All fulfilled the following criteria: 1) First anterior wall STEMI, 2) PPCI within 12 hours of the onset of symptoms, 3) Routine informed consent to perform PPCI. Anterior STEMI was defined as continuous chest pain for at least 30 minutes and ST elevation of at least 2.0 mm in ≥ 2 contiguous precordial ECG leads. Exclusion criteria included one of the following clinical or angiographic findings: Prior bypass surgery, previous anterior STEMI, significant left main artery disease, failed PPCI.
Primary PCI was performed in standard fashion. All subjects were treated with oral clopidogrel (600 mg) followed by 75 mg/d, or prasugrel loading dose of 60 mg followed by 10 mg/d in addition to aspirin (300 mg) in the emergency department. Before catheterization, patients were treated with an intravenous bolus injection of heparin (50-70 U/Kg) to achieve coagulation time of = 250 msec or with intravenous bivalirudin as a bolus of 0.75 mg/kg, and a maintenance infusion at a rate of 1.75 mg/kg/hour for 4 hours, and if clinically indicated 0.2 mg/kg/hour for additional 20 hours.
Coronary angiography and PPCI were performed subsequently. Bare metal stents were deployed by high-pressure implantation techniques. Low magnification angiogram at either the right 30º or 90º lateral projections with prolonged cine was performed to optimize myocardial blush grade (MBG) documentation at the end of the intervention as previously described [6] . All patients were treated with clopidogrel or prasugrel in addition to aspirin for 12 months after the procedure.
Fourteen-lead electrocardiograms were performed at admission and after PPCI. Measurement of ST-segment in mm was performed from the lead of highest elevation. The ratio of difference of ST-elevation before and after PPCI to ST elevation before PPCI was calculated. When the ration exceeded 70% ST-elevation resolution was considered complete, a ration between 30% and 70% was considered partial, and resolution of ST elevation was diagnosed when the ratio was less than 30%.
Siemens, Acuson Sequoia echocardiographic system, California, equipped with 3.5-7 MHZ transducers was used. All patients had complete Doppler echcardiographic studies, within the first 6 hours after PPCI and 5 days later. PPCI (Table 5 ). Myocardial biomarkers, including troponin I blood levels and creatinine phosphokinase blood levels were also similar in women and men (Table 5 ).
The logistic multivariate analysis model did not reveal significant independent effect of gender or other variables on TIMI and MBG post PPCI, LAD-DDT and LVEF (Table 6 ).
Discussion
In this study, women with anterior STEMI treated by PPCI were older, with lower prevalence of diabetes mellitus and smoking and had lower body weight. More women presented with MBG grade > 1 before PPCI, but TIMI before and after PPCI as well as MBG after PPCI were similar in men and women. Women had more ST-elevation resolution after PPCI, and higher rates of LAD-DDT > 600 msec, however left ventricular systolic function parameters were similar to those in men.
In a previous study, women with STEMI treated by PPCI had 2.3 higher risk compared to men after adjusting for age, associated diseases and time to treatment [8] . Accordingly, the hypothesis of our study was that women fare worse than men when treated with PPCI in the setting of anterior STEMI. However, our findings showed that left ventricular systolic function parameters were similar to those in men. These findings are discordant with
Angiographic findings
The average of TIMI (Table 2 ) and MBG (Table 2 ) grades in the LAD were similar in both genders; however, more women (20% vs. 9.4%, p < 0.05) presented with MBG 2 or 3 before PPCI (Table 2) .
Electrocardiographic findings
Higher prevalence of complete ST-elevation resolution was found in women (45.54 vs. 31.25%, p < 0.05), (Table 3) in addition, the extent of ST-elevation resolution was larger in women (2.5 ± 2.12 vs. 1.375 ± 1.19, p < 0.05), (Table 3) .
Velocity parameters in the left anterior descending coronary artery
On early evaluation, women had higher systolic velocities in the LAD, however, a larger proportion of men had DDT > 600 msec (Table 4) . Five days after PPCI, maximal diastolic and systolic velocities as well as velocity integrals in the LAD were similar (Table 4) , however, DDT and P1/2T were larger in women (Table 4) .
Left ventricular systolic function and myocardial biomarkers
Left ventricular systolic function parameters were similar in both groups, early on admission, and 5 days after [7, [10] [11] [12] [13] [14] [15] [16] but disappeared in another study [17] .
The results of the present study may be attributed to differences in basic characteristics between women and men. Similar to other studies, in our study, women were older than men [10] [11] [12] [13] [14] [15] 18] , however, contrary to other studies, we found that women had lower prevalence of diabetes mellitus, 10-16 in addition to lower prevalence of cigarette smoking [10] [11] [12] 14, 16, 17] . These differences may contribute to better outcome in women.
Differences in pain to balloon time intervals and improvement in PPCI technique may also affect outcome in PPCI patients. Similar, to another study [14] , we found that in women, the pain to balloon time was similar to that in men. However, this finding is contradictory to other studies which showed that men had earlier PPCI than women [10, 16, 17] .
The aim of PPCI is re-establish flow in the obstructed infarct-related coronary artery and to achieve adequate myocardial reperfusion. Patients arriving with open infarct related artery and with better myocardial previous reports including thrombolysis studies, which showed higher mortality in women [7, [10] [11] [12] [13] [14] [15] [16] [17] . In these studies, gender differences between remained significant fore, it is expected that blood flow after PPCI in the infarct related artery in women and men were similar, and this may account for the absence of gender differences in LV systolic function. In addition, the coronary microcirculation after PPCI can be evaluated by transthoracic Doppler, and LAD-DDT > 600 msec predicted better outcome [20] . We reported that the function of the coronary microcirculation after PPCI is dynamic [21] , and that serial evaluation of LAD-DDT predicted recovery of left ventricular systolic function [22] . Again, women had higher frequency of optimal function of the coronary microcirculation by Doppler, and contributing to better outcome than expected in women.
In our study, LV systolic function at all measurement occasions was similar in women and men. However, in a recent study which included patients with STEMI treated with PPCI, women had worse LV function compared to men despite receiving similar treatment [17] . The number of patients in both studies was similar. In current study all patients presented had anterior STEMI, however patients in the quoted study presented with STEMI with no regard to infarction location; only 43-49% of all patients presented with anterior STEMI [17] . Women were older than men in the quoted study, as in our study. Mean age in men was similar in both studies. However mean age in women in the current study was 7 years higher than in the other study. According to this difference in mean age it is expected to have worse results in women compared to men. There is fundamental difference between the studies; in the quoted study the echocardiography was done only once, till 3 days of admission. In our study echocardiography was done early and late after PPCI and comparison between them was done. Early LV function, represents the extent of jeopardized myocardium at presentation, while the late evaluation better represent LV functional recovery. Intermediate timing of evaluation as in the quoted study, neither represents the extent of myocardial jeopardy nor LV function recovery. In addition, in the present, study LV function was measured by several parameters: EF, LV-WMSI and LAD-WMSI early and late after PPCI. All these parameters behaved in the same manner, and perfusion in the infarct area have better outcome. In our study, higher rates of MBG II and III were found in women, however, after PPCI, TIMI grade and MBG in women were similar to those in men. In addition, in our study, adjunctive therapies to PPCI, were similar in men and women, while, previously it was reported that men were treated more intensively [10] . These findings demonstrating similar pain to balloon time, and similar adjunctive PPCI treatments between women and men may account for the better outcome in women compared to other studies.
It was reported, that the extent of myocardial damage evaluated by myocardial biomarkers and left ventricular systolic function correlated with electrocardiographic ST-elevation resolution [18] . In our study, a higher percentage of women had complete ST-elevation resolution and higher extent of resolution compared to men. These findings imply that in the present study, women had better myocardial perfusion after PPCI compared to men.
After PPCI, recovery of left ventricular systolic function is related to the flow in the infarct related artery as evaluated by transthoracic Doppler [19] . The velocity parameters needed to calculate flow in the LAD in the present study were similar in women and men. There-DM: Diabetes Mellitus; FH OF CAD: Family History of Coronary Artery Disease; HTN: Hypertension; HLP: Hyperlipidemia. thus support the findings of the current study. Moreover, myocardial bio-markers, CPK and troponin maximal levels were similar in both studies, supporting the current study findings.
Limitation
This study was single-center. The patient number included in this study is relatively small. In addition, the study results regards anterior STEMI, thus the study's findings to other coronary territories is not confirmed. There was no information regarding long-term followup including death or heart failure. Future studies, multi-center, long-term with larger patient number should be done to verify and to generalize current study results.
Conclusions
When women with acute STEMI are treated similar to men, current PPCI outcome is not affected by gender.
